Overview
The Monterey Bay Aquarium Research Institute designed the Spatial Temporal Oceanographic Query System (STOQS) [MBARI 2014 ] to create new capabilities for scientists to gain insight from their data. STOQS employs open standards and is a 100% free and open source project. It includes a web-based graphical user interface where X3D Geospatial has been integrated to enable 3D geospatial data visualization.
Architecture
STOQS consists of a PostgreSQL/PostGIS database, Mapserver, and Python-Django running on a server and client-side technology (HTML5, CSS, jQuery, OpenLayers, X3DOM, Bootstrap) running in a modern web browser (Fig. 1) . The web application provides faceted search capabilities allowing a user to quickly drill into data of interest. The X3DOM JavaScript library provides interactive 3D views of the data in browsers that support WebGL. 
Discussion of geospatial standards
STOQS is a good platform for experimentation with 3D portrayal and for understanding patterns of data access. Such experimentation helps identify needed protocols to support interoperable data access and 3D visualization. Data from the database can be connected to appropriate scene graph elements within the confines of * e-mail: mccann@mbari.org † e-mail: yoo@byoo.net ‡ e-mail: brutzman@nps.edu the coupled Server-AJAX-JSON-Client environment. For example, Fig. 2 is a screen grab from the STOQS User Interface where the user has selected Autonomous Underwater Vehicle measurements of chlorophyll. The system retrieved the selected data from the database in a custom JSON data structure, JavaScript in the browser then updated IndexedLineSet GeoCoordinates in the scene graph with these data.
The Spatial section of the STOQS UI has both 2D (OpenLayers) and 3D (X3DOM) data viewing areas. OpenLayers supports the Open Geospatial Consortium's Web Map Service (WMS) protocol which allows content to be retrieved and "mashed up" from different servers. The WMS protocol enables this through its requirement that each GetMap request include a CRS field specifying the EPSG code for the coordinate reference system of the map. There is not yet an equivalent scheme to deliver 3D data to an X3D scene graph.
The OGC 3D Portrayal Interoperability Experiment (3DPIE) [OGC 2012] specifies that a GetScene request will return an entire X3D scene in whatever coordinates the server generates -there is no ability to mash up data from different servers. We think that this situation can be improved and are implementing the X3D Geospatial Component in X3DOM to explore ways to achieve fully interopable 3D portrayal.
There are several use cases for 3D mashup capability. The 3DPIE identified sensor data as a source for portrayal but left the implementation of a sensor service capability for a future effort. Data representing such things as atmospheric pollutants could be retrieved from external servers and could be portrayed as a transparent cloud within a model of a city. Remote sensing and numerical model data could be retrieved from other servers and rendered in 3D along with the oceanographic sensor data in STOQS.
